Introduction
India is witnessing increasing obesity due to rapid social and economic changes, increasing urbanization, rapid nutrition transition, consequent imbalanced nutrition, combined with sedentary lifestyle and genetic predisposition [ 3 2 _ T D $ D I F F ] [1, 2] . Consequences of obesity including type 2 diabetes mellitus (T2DM) and cardiovascular diseases (CVDs) are prevalent and constantly increasing in Asian Indians [3, 4] . To curb the obesity epidemic and its associated complications, effective prevention and management approaches are needed.
Dietary modifications along with physical activity are important for management of body weight [5] . The total amount of dietary energy and the quality of nutrients are important factors responsible for the development of obesity. It is possible to modulate body composition and weight by changing dietary composition along with regular physical activity and lifestyle changes [6, 7, 8] . Diets low in carbohydrates with high fat and proteins along with a lifestyle of regular exercise have a good potential to reduce body weight and to maintain lean body tissue [9] .
[10], a plant based low carbohydrate diet 'Eco-Atkins' diet was developed by Jenkins et al. [12] .
In view of the increasing prevalence of obesity in largely vegetarian Asian Indians [13, 14] and as there are no studies on vegetarian diets for weight loss in obese Asian Indians residing in India, it was important to research a high protein, low carbohydrate vegetarian (lacto-vegetarian) diet. Hence, in this study, a " Women participants were excluded if they were pregnant or lactating. The study was approved by human ethics committee of Fortis hospital, New Delhi, India.
Materials and methods
Informed written consent was obtained from all the subject. This study was registered at clinicaltrials.gov as NCT02562209.
Methods
Assessments for anthropometric parameters, blood pressure (BP), fasting plasma glucose (FPG), total cholesterol (TC), TAG, high-density lipoprotein-cholesterol (HDL-c), fasting serum insulin,[ 3 8 _ T D $ D I F F ] serum creatinine and urine microalbuminuria were carried out as previously described [16, 17, 18, 19] . Insulin resistance was measured by two surrogate measures: fasting serum insulin and homeostasis model assessment for insulin resistance (HOMA-IR). Dietary intake was assessed using standardized food frequency questionnaire and 24-hour dietary recall. Participants were encouraged to maintain food diaries to check for compliance. Dietary intake of nutrients such as energy, protein, carbohydrate, [ 3 9 _ T D $ D I F F ] and total fat was assessed using nutritive value of Indian foods [22] . Daily level of physical activity was [ 4 0 _ T D $ D I F F ] assessed using physical activity questionnaire at each visit. Participants were required to document the type, frequency, intensity (light, moderate, or vigorous) and average duration for each activity. Assessment of total activity was done as total metabolic equivalent of tasks (MET; h/day) by summing MET values of all whole day's activities [23] . Diet and physical activity compliance was monitored through food-frequency questionnaire, 24-hour dietary recalls, telephonic interviews ( Fig. 1) and compliance check questionnaires.
[ ( F i g . _ 1 ) T D $ F I G ] anthropometry (weight, waist circumference, hip circumference, mid upper arm circumference), biochemical investigations (fasting plasma glucose, serum insulin, lipid profile), DEXA scan, 24 hour dietary recall; * lost to follow-up in control group; shift based job (n = 2), relocation (n = 1); # lost to follow-up in intervention group; relocation (n = 1), lost interest in the study (n = 1).
Study design
The sample size for the study has been calculated from a previous study [12] with weight loss as the primary outcome. Sample size for the study was computed to detect minimum of 5% additional reduction in intervention as compared to the control arm with the following assumptions: level of significance 5%; power 90%, loss to follow up 10%. The required sample size [ 4 1 _ T D $ D I F F ] was 40 subjects in each group. The total duration of the intervention was 8 weeks after completion of standard 4 weeks of diet and exercise run-in period (a standard time period to prepare all participants for the study and bring them at a common start point) similar to the intervention period in one of our previous studies [24] . All recruited subjects were vegetarians, thus a vegetarian diet (protein, 15%; carbohydrates, 60%; and fat, 25%) was formulated according to the standard dietary guidelines for Asian Indians. Subjects randomized to the control arm were asked to continue with the same diet as advised in the run-in period while those randomized to the experimental group were advised the PACER diet. There were no significant changes in weight during run-in period.
A randomized controlled parallel design was used to compare the effect of a test diet (PACER diet; intervention group) vs. a standard vegetarian diet (control group) over a period of 8 weeks, after a run-in period of 4 weeks as mentioned. Main outcome measure was weight loss after following PACER diet as compared to standard vegetarian diet after a period of 8 weeks. The secondary outcome measures were changes in BF%, blood pressure, lipid profile (TC, LDL-c, HDL-c, VLDL-c, TAG), FPG and serum Insulin.
After the initial enrollment, [ 4 2 _ T D $ D I F F ] participants met the dietician to discuss the standard vegetarian diet and exercise schedule to be followed for 4 weeks of run-in period.
The [ 4 3 _ T D $ D I F F ] subjects were randomised using computer generated random number Table ( nQuery Advisor, version 7) and were explained about the diet that was assigned to them. All the investigations, consultations with the dietician and investigator etc. were similar in both the groups and subjects were explained the respective diets. In case [ 4 4 _ T D $ D I F F ] any of the subjects allocated in one arm was interested in following the other diet plan then they were suggested to follow the other diet plan after completion of the intervention period. The meal plan of the experimental and control diets have been provided in Table 1 . All the subjects were satisfied with the diet regime advised to them which was evident through compliance checks. Dietary compliance in both the groups was monitored by the dietician [ 4 5 _ T D $ D I F F ] by weekly phone calls, follow up meetings and on-site discussions. Similar exercise counselling was provided to both groups and participants were instructed to maintain the same level of physical activity throughout the study. They were advised to drink at least 8-10 glasses of water/day. After randomization two participants [ 4 6 _ T D $ D I F F ] from the control group withdrew their consent within the first week due to hectic work schedules (Fig. 1) . In total, 102 obese subjects were randomly Table 2 . Dietary composition of the experimental and control diet * .
[ 9 Values are presented as Means ± SD, p < 0.05: statistically significant. * none of the participants had any history of heart disease or chronic liver disease.
# calculated using Students two-sample t test.
Article No~e00472 checks were done on weekly basis. Subjects adhered to diet and exercise regime, on at least 6 out of the 7 days in a week i.e. 80%. Compliance to the protocol was good, as indicated by compliance checks: weekly compliance questionnaires, weekly telephone calls, messages, discussion, and cross [ 5 4 _ T D $ D I F F ] checking with the spouse or any close relative. If any subject was observed to be deviating from compliance, they were repeatedly counselled and followed up. Subsequently greater degree of compliance was observed. Further, to rule out sharing of study product with nonparticipants such as friends and family members, the subjects were also asked to bring empty packets of dietary components (almonds, peanuts, soy nuggets, low carbohydrate protein supplement) while meeting the study investigator. However, 2 subjects in the control group and 4 subjects in intervention group were excluded from the study due to poor compliance. Further, dietary and physical activity recall in the presence of the spouse of the subject was performed to check compliance and concordance. The Global Physical Activity Questionnaire (GPAQ) was used to assess level of physical activity as this has been validated for Asian Indians [26] . 
Results
Of the 102 participants (64 females and 38 males, all included in ITT analysis), 89
(44 control and 45 intervention group) completed the study. The mean (± SD) age of the subjects was 38.8 ± 9.2 years. There were no significant differences in the socio-demographic characteristics (Table 5[ 5 
_ T D $ D I F F ]
). The actual dietary intake and physical activity details of the study subjects have been provided in Table 6 . Importantly, there were no significant differences in the baseline measurements of obesity (weight, BMI, waist circumference, hip circumference and [ 5 8 _ T D $ D I F F ] BF%) and metabolic parameters between the intervention and the control groups ( Table 7) . The overall compliance for participants completing the trial was 81%.
The post intervention effect size and its 95% CI for FPG levels was significantly higher −2.7 (−3.9 to −1.6) in the intervention group as compared to the control group (Table 4) 2) while no significant effect was seen on HDL-c levels (Fig. 2) .
Two participants in the intervention group reported flatulence and heaviness of abdomen; they were advised to keep adequate gaps (minimum two hours) between two consecutive meals and eat food at a slower pace. The problem resolved after three days in both the cases. Apart from this, no clinical adverse events were reported during the course of the study.
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Discussion
This is the first higher protein, higher fat and moderately lower carbohydrate dietary intervention as compared to standard vegetarian control diet in Asian Indians, which demonstrates several benefits on adiposity and cardio-metabolic risk factors among obese subjects.
Several studies and meta-analyses have shown greater loss of weight, body fat mass, and waist circumference following high protein energy restricted diets as compared to standard protein diets [27, 28, 29, 30] Table 7 . Comparison of anthropometric and biochemical parameters pre-and post-intervention between the two diet groups.
Intention to treat analysis Intention to treat analysis Intention to treat analysis 4.9 ± 5.3 11.9 ± 7.1 −7.0 (−9.5 to −4.6) <0.001 5.9 ± 3.7 13.1 ± 6.4 −7.1 (−9.3 to −4.9) <0.001 Table 7 . (Continued)
Intention to treat analysis
Per Protocol Analysis diets and standard protein diets were compared [31] . In a three month randomized Increasing dietary protein intake promotes weight loss through several mechanisms. On an average, dietary protein requires 20-30% of its usable energy to be expended for metabolism and/or storage as compared to 5-10% and 0-3% required by carbohydrates and dietary fats respectively [35] . Diets high in protein promote energy expenditure through increased postprandial thermogenesis [36] , and increase total daily expenditure while preventing decline in resting energy expenditure during weight loss [37, 38] . Interventional studies with dietary protein have shown to promote weight loss by increasing satiety as compared to carbohydrates [39, 40] . Weigle et al. [38] , demonstrated an increase in satiety among participants following a high protein diet (30% protein, 20% fat, 50% carbohydrate) as compared to a standard vegetarian diet (15% protein, 35% fat, 50% carbohydrate). The effect of high-protein diets on satiety involves multiple metabolic pathways; including enhancement of satiating effects of circulating gut related hormones [38] . Similar to the findings of previous studies [38, 39] participants in the present study following intervention diet also reported higher satiety as compared to those following control diets.
Concerning palatability of the diet, we observed that the prescribed diets in both the arms were liked by the study subjects. Slight variations in recipes were permitted to avoid monotony in diet and to increase palatability. Every effort was made to design the recipes in accordance to the preferences of the study subjects.
Subjects enthusiastically followed the prescribed diets during the study period.
Long-term adherence to any single diet is always difficult, however blood pressure [42] . The result for SBP in the present study was in line with previous studies showing significant reduction in the intervention group.
In the present study, there was significant reduction of glycemia (FPG) and surrogate marker of insulin resistance (HOMA-IR) in the intervention group.
Consumption of a high protein diet stabilizes blood glucose and reduces the postprandial insulin response [43, 44] . Several studies including systematic review
and meta-analysis have demonstrated that high-protein diet as compared to other diets leads to a significant decrease in glycosylated hemoglobin [ 7 5 _ T D $ D I F F ] levels [45] . Piatti et al. [46] , highlighted that high protein intake during weight loss may enhance insulin sensitivity. These benefits may be due to the effect of protein on satiety and/or due to a lower glycemic load because of a lower carbohydrate intake. Macronutrient composition of vegetarian diets, as shown by our study, could be manipulated to achieve reasonable weight loss in obese individuals. Research examining vegetarian diets and weight loss is much needed across diverse ethnic groups including older adults [51] .
We acknowledge that the present study has a higher number of female participants (62.8%) as compared to males (37.2%) but there was no statistical difference that would influence the outcomes of the study. Moreover, our previous studies have reported that obesity is more prevalent among Asian Indian women as compared to men, specifically after child birth and in the postmenopausal phase [52, 53] . Further, the trial duration of 8 weeks in the present study could be a possible limitation, but studies of 1 and 4 weeks duration have been published previously [12, 54] . Studies of longer duration should be conducted to evaluate the long-term effect on kidney function, reproductive health, bone matrix and life span. Finally, research into finding methods to improve long-term compliance of such diets should be carried out.
In conclusion, this 8-week randomized control trial demonstrates that a 
Additional information
The clinical trial described in this paper was registered at https://clinicaltrials.gov/ under the registration number NCT02562209.
